The present investigation was undertaken in order to arrive at a satisfactory answer to this question ; for on looking into the subject of the development of the umbilical cord in many of the recently published works relating to the science of midwifery, it was surprising to find how few of the authors of such
"To convert the Bauchstiel into the umbilical cord, the somatopleure bends down on each side, and finally closing on the ventral side below the allantois, shutting in a portion of the coelom, and becomes separated from the amnion. The amnion separates from the embryo first, then from the embryonic end of the Bauchstiel, and last of all from the distal end of the Bauchstiel; hence, when the closure of the somatopleure is completed, the amnion arises no longer from the embryo, but only from the end of the cord, where it joins the chorion.
The closure of the Bauchstiel forms a long tube running from the embryo to the chorion. The cavity of the tube is part of coelom, the whole tube is known as the umbilical cord."
It must be confessed that it is difficult to follow Minot in this description. But The length of the body cavity was about three times its greatest breadth, and at its margins it was boat-shaped.
At the sides of the intestinal tube in its course downwards towards the caudal end of the embryo could be seen two prominent ridge-like structures, F and G.
In transverse sections of this embryo afterwards to be described, these ridges were found to be the Wolffian bodies, one on each side of the intestine.
At the extreme caudal end of the embryo the allantois, H H, with its large blood-vessels, K K, could be seen passing outwards over the ventral surface of the embryo on its way towards the chorion, and rapidly expanding transversely into a large bladder-like structure on whose surface could be seen numerous blood-vessels.
The blood-vessels K K, and their numerous branches were gorged with embryonic blood-corpuscles.
The allantoic bladder was punctured with a fine needle and a quantity of clear fluid escaped. It is interesting to note in connection with this escape that the primitive intestinal tube and the genito-urinary ducts communicate with the allantoic bladder in such a young embryo.
The large bloodvessels, K There is also shown the epiblast, the hypoblast, the primitive aortae, the notochord and the ccelomic cleavage of the lateral plate of mesoblast.
As regards the cleavage of the mesoblast and the formation of the body cavity, it is thus written : " At a very early period, soon, indeed, after the formation of the neural groove, two important changes begin in the mesoblast. One of these is the cleavage of the lateral mesoblast (which is at first a continuous sheet) into two plates, one of which clings to the epiblast and the other to the hypoblast. The cleft is at first small, but accumulation of fluid within it soon converts it into a cavity, which gradually spreads until the separation is very extensive. large umbilical or allantoic veins as lying in the substance of the lateral somatopleure folds, as they pass downwards from the region of the heart towards the allantoic vesicle, over which they are distributed. In the transverse sections, to be described later on, it will be seen that these large umbilical veins lie in the substance of the somatopleure folds just at the line where the folds turn outwards and become continuous with the amnion as it passes over the dorsal surface of the embryo.
Another very important structure to direct attention to is the rump end of this little embryo, which projects considerably beyond the origin or root of the ventral string or allantoic outgrowth.
In the Figure 2 Plate ii., the allantois H H has been drawn well away, so as to expose the rump of the little embryo. The ventral string, in the midst of which is the allantoic diverticulum from the intestine, is often described as a direct extension towards the chorion of the tail end of the embryo. Looking carefully at these folds as they leave the body of the embryo to enclose the coelom, or body cavity, it is easy to see that the somatic mesoblast is in more or less close contact and union with the epiblast. The letter S points to the somatic mesoblast of the somatopleure fold, and the letter E points to the epiblastic layer in union with the somatic mesoblast. In some parts as we follow the somatopleure folds, the epiblast is seen to be partly detached from the somatic mesoblast layer; so that it is perfectly clear that the lateral somatopleure folds now consist of two layers, the somatic mesoblast on the inner side and the epiblast on the outer or external side. Following these lateral somatopleure layers we come to a well-marked bulging out part on their mesoblastic surfaces, just at a point where these folds are about to turn outwards to become continuous with the amnion membrane, O, which can now be traced as passing entirely round the dorsal surface of the embryo.
These bulging-out parts are the allantoic or umbilical veins, L, as seen in section. Through the whole series of sections from the head end of the embryo to its caudal extremity, these veins are found to lie in the same position in the two lateral somatopleure folds. The somatopleure folds, although adhering and fused to the thick mesoblastic tissue around the allantoic tube, can be seen to turn round and outwards and to be continuous with the amnion membrane covering the dorsum of the embryo as before described.
In Fig. 8 The apparent change in their morphological relation is probably due to the flattening out of the Bauchstiel ; for it must not be forgotten that in the deer the allantoic tube with its thick mesoblastic vascular covering quickly spreads out transversely, between the true and false amnion sacs on its way to reach the chorionic cotyledons.
In this rump end of the embryo, the coelom or body cavity between the lateral somatopleure folds and the splanchnopleure folds is hardly to be seen, and these folds themselves are united in one undivided mass around the cloacal end of the primitive intestine. In connection with this cloacal enlargement, I, as seen in this figure, it is evident that the hypoblastic lining at the upper part is in the act of forming two tubular structures by a process of invagination. These two tubular structures, completely closed in, are seen in the next figure 10 , and, evidently, represent sections of the genito-urinary ducts, which are connected at this stage of development with this cloacal enlargement.
When describing the relation of the rump end of the embryo to the root and under surface of the Bauchstiel, we endeavoured to point out that the amnion membrane was not directly attached to the under surface of the Bauchstiel at its root after embracing the rump of the embryo ; but that, embryologically, the mesoblastic surfaces of the two lateral somatopleure folds are fused to the sides and under surface of the mesoblastic Bauchstiel in such a way that the amnion membrane comes off from these folds at the root of the Bauchstiel, and then embraces the rump end of the embryo as a bag-like protrusion, and that morphologically, the amnion is everywhere a continuation of the lateral somatopleure folds. A glance at the figures 9 and 10 will make this statement clear and intelligible ; for it is quite evident, from our examina- Fig. 7 ) are in contact and fused around the mesoblast surrounding the primitive intestine. In this case we find that the somatopleure folds are now in contact with the splanchnic mesoblastic tissue surrounding the intestine ; and so the ccelom is gradually shut in and reduced in size until we come to sections in which we find the ccelom has almost entirely disappeared.
In Fig. 11 , which is a section through the rump end of the embryo at a considerable distance from the root of the Bauchstiel, the amnion membrane, O, or girdle of the somatopleure fold, is quite a thick structure as it passes round and embraces the rump.
The epiblast is well-marked, and is seen in continuity with the medullary folds of the neural canal.
In Fig. I 3 , with the umbilical foramen in the first embryo, Fig. 1 , we see that in the first the foramen is very large and widely open, while in the second one it is closing in around the vitelline duct of the yolk sac, C. The whole animal is enclosed in an amnion bag which comes off from the umbilical foramen.
In the drawing before us, Plate vii., it is difficult to see the amnion over the head region ; but it can be seen somewhat distended with fluid between the letters M and D on the left side, and at the letter H on the right side of the animal, bulging out, as it were, and then passing inwards to the margin of the umbilical foramen on the one side, and then passing outwards over the whole body and rump end. As the amnion passes over the rump end, it turns forward, and appears to be attached to the sides and to the under surface of the Bauchstiel at its root.
The letter M points to the first trace of a hind limb, and it is enclosed within the amnion sac.
The large allantoic veins and arteries, as they course along the ventral surface of the Bauchstiel, H, are indicated by the letter K. Between the line of these blood-vessels, in the centre, can be seen the Bauchstiel mesoblastic surface which is uncovered by amnion.
The next embryo, Fig. 14, as seen in Plate viii., was a very beautiful object. The dorsal curve was very marked, as it lay on its side, and the head and tail ends were drawn towards each other.
A good view was obtained of its head, A, and the branchial clefts were well marked, the heart, B, was quite distinct, and the large liver, D, could be traced bulging out the body of the embryo. The whole dorsal surface was encased in a tight-fitting amnion sac, which could be traced passing downwards over the head to be attached to the cephalic margin of the umbilical foramen. As it passed downwards this head fold of the amnion, N, was in contact with the shrivelled up yolk sac, C, whose vitelline duct could be seen passing into the body of the embryo through the ccelomic opening of the umbilical foramen. The Bauchstiel, L, was a well-marked string-like structure. It was cut transversely across close to the rump end of the embryo ; and then it was possible to see in the centre of the cut surface, as indicated by the letter M, the well-marked tubular orifice of the allantoic vesicle.
The letter L points to the situation of the allantoic tube itself as it lies enveloped in a thick mesoblastic covering, between the line of the large blood vessels, veins and arteries, which go out towards the chorion, as indicated by the letters K K.
The amnion membrane somewhat distended by fluid could be seen at the sides of the embryo, H, and then, after embracing the rump end, it turned sharply upwards to be attached to the under surface of the Bauchstiel at its root.
Between the letters H and K, this part of the amnion passing upwards to be attached to the under surface of the Bauchstiel at its root is well seen.
In Plate ix. we have very carefully represented the appearances seen in the case of a young sheep embryo, as it lies completely encased in the amnion sac which is everywhere distended with fluid.
The letter A points to the head. Below the head the heart and liver are seen.
The letter B points to the true umbilical cord and to the large umbilical vein in its substance. The letter C points to the shrivelled up yolk sac which appears to pierce the umbilical cord at its front part. The yolk sac now lies quite outside the sac of the amnion. The letter N points to that part of the ventral string which is now entirely outside the amnion sac after the umbilical foramen has completely closed in around the vitelline duct of the yolk sac.
The letter M points to the hind limb and tail within the amnion ; and the letter O points to the general amnion sac filled with fluid to distension, and now attached to the embryo only at the distal end of the true umbilical cord at a point where the vitelline duct appears to pierce and enter the front part of the umbilical cord.
Looking at the figures in Plates i., ii., vii., viii., we may now ask, how is the Bauchstiel, or ventral string, whose origin, development and relations we have described, converted into the young umbilical cord, B, which is so well seen in the embryo before us, in Plate ix ?
The Conversion of the Bauchstiel into the
True Umbilical Cord
Bearing in mind all we have described regarding the origin, development and relations of the somatopleure folds to the umbilical foramen, and to the vascular Bauchstiel, or ventral string, it will be now easy to follow the steps in development which take place when the umbilical foramen closes in around the yolk sac and the mesoblastic Bauchstiel, and when the whole amnion sac is widely distended into a globular bag whose only attachment to the body of the embryo is at the margins of the umbilical foramen.
As the first result of the distension by fluid of the amnion sac, which is continuous everywhere with the somatopleure folds around the umbilical foramen, the amnion membrane is raised up from off" the entire surface of the body of the embryo, and its attachment to the whole umbilical foramen is drawn out and put upon the stretch ; at the same time, explain it how we may, the head and tail ends of the embryo are approaching each other over the umbilical foramen, which is now gradually closing in around the yolk the allantoic arteries and veins. This Bauchstiel portion of the tubular process thus drawn out, forms a large part of the young umbilical cord thus produced.
The umbilical cord thus formed is within the amnion sac, and the amnion sac is continuous with, and attached tothe distal end of the cord. The ccelomic surface of the now closed-in umbilical foramen turns outwards as it is continuous with the outer mesoblastic surface of the amnion; while the epiblastic surface of the young umbilical cord is reflected over the inner surface of the amnion sac.
However long the true umbilical cord may ultimately become, it always lies within the amnion sac, and at its distal end the outer mesoblastic surface of the amnion sac turns inwards to be continuous with the ccelomic surface of the original umbilical foramen, which now tightly grasps the much drawn-out and shrivelled-up yolk sac or vitelline duct.
However distant the amnion sac may be in the later stages of development from the body wall of the embryo, it arose at first in direct continuity with the somatopleure folds, which formed the margins of the umbilical foramen in the early embryo. The somatopleure folds at first, as they were continuous with the margins of the umbilical foramen, were very thick, and the amnion bag only becomes a large thin-walled membranous sac as the result of extreme stretching of the folds by fluid distension.
In connection with this origin of the amnion from the thick somatopleure folds, it is very interesting to observe that when we cut away the entire amnion bag from its attachment to the umbilical cord at its distal end, we find the amnion is very thick at the line of section, though the amnion bag elsewhere may be distended into a thin membranous sac.
Whatever prolongation there is of the vascular ventral string or Bauchstiel outside of the amnion sac, it is not the true umbilical cord which is always within the amnion sac.
The allantoic arteries and veins, along with the remains of the allantoic tube, as they lie in a mass of embryonic mesoblastic tissue are found in the posterior part of the young umbilical cord, and the mesoblastic tissue enclosing these structures is fused to and inseparable from the fold of somatopleure, which we described as the caudal somatopleure, and which is now continuous with the general somatopleure fold in the wall of the young umbilical cord. Fig. 10 The amnion is tightly distended with fluid, and is attached only to the distal end of the umblical cord, while the vascular ventral string or Bauchstiel, outside the amnion sac, spreads out over the inner surface of the chorion to distribute its blood vessels to the chorionic cotyledons. PLATE II. PLATE III. PLATE IX. PLATE XIII. brane which here surrounds the cord, but which is altogether separate from it, consists of an epiblastic layer, E, on the inner side and of an outer mesoblastic layer, C, both of which are directly continuous with the same structures in the cord at its distal end. As development proceeds the mesoblastic outer surface of the amnion sac becomes gradually opposed to the inner mesoblastic surface of the chorion, with which it ultimately comes in contact, and to which it is attached by jelly-like connective tissue ; but from which it can at all times be easily separated.
Outside the true amnion sac, between it and the false amnion, or chorion, the vascular mesoblastic Bauchstiel, or ventral string, which is continued onwards from the true umbilical cord, spreads out as a vascular mass over the inner surface of the chorion, and the distribution of its blood vessels to the chorionic villi may be partial or general, according to the type of the animal. The outer surface of the true amnion thus covers the placental distribution of these blood vessels, and it is always possible to strip off this amnion membrane from such a placenta ; but the amnion cannot be stripped off further than its own attachment to the distal end of the umbilical cord, because, as already described, the amnion membrane is morphologically and structurally a part of the cord itself. The general conclusion drawn from this investigation is, that the umbilical cord has not at any period of its existence, a tubular investment of the amnion.
